Introduction
============

Occult breast cancer (OBC) is a rare type of breast cancer which presents with axillary lymph node (LN) metastasis without identified primary breast lesion \[[@b1-crt-2017-189],[@b2-crt-2017-189]\]. Current National Comprehensive Cancer Network (NCCN) guidelines recommend that axillary LN as well as ipsilateral breast should be treated with modified radical mastectomy or axillary LN dissection (ALND) plus whole breast radiotherapy (RT) even with no detectable breast tumor \[[@b3-crt-2017-189]\]. However, without prospective randomized trials due to its rarity, evidence on the managements of OBC comes from several retrospective studies including small number of patients \[[@b4-crt-2017-189]-[@b7-crt-2017-189]\].

Although systemic chemotherapy and endocrine therapy are believed to be performed according to the recommendations for their relatively comparative stage, locoregional managements for OBC such as breast conserving surgery (BCS), mastectomy, ALND, or its combinations have been variously implemented \[[@b8-crt-2017-189],[@b9-crt-2017-189]\]. Previous studies suggested that BCS or ALND plus RT resulted in similar recurrence and survival rates compared to mastectomy plus ALND \[[@b5-crt-2017-189]-[@b7-crt-2017-189]\]. The first population-based data also demonstrated that both mastectomy plus ALND with/without postmastectomy RT and BCS with ALND and RT showed better survival than ALND alone but no difference between the formers was found \[[@b2-crt-2017-189]\]. However, from the standpoint of the radiation oncologist, no studies have evaluated the effect of RT after mastectomy or ALND with/without breast surgery. In addition, high-risk patients who need more aggressive locoregional treatments are not well-defined in the literature. Therefore, we investigated clinicopathologic factors of OBC with the impact of postoperative RT to determine its prognostic significance using large population-based data.

Materials and Methods
=====================

1. Data source and study cohort
-------------------------------

We performed a retrospective population-based cohort study using the Surveillance, Epidemiology, and End Results (SEER) program of the National Cancer Institute in the United States. For present study, we identified 1,411 patients who were diagnosed with OBC (T0, N+) between January 1, 1983 to December 31, 2013 in SEER 18 registry research data (Nov 2015 submission) using SEER\*STAT software ver. 8.3.2. Among these patients, those who presented with distant metastasis (n=267) and those who were diagnosed with other malignancy within 2 years after diagnosis of OBC (n=99) were excluded.

2. Variables
------------

We extracted data on age at diagnosis, race, marital status, year of diagnosis, tumor grade, laterality, extent of breast operation, number of examined LNs, number of metastatic LNs, use of RT, status of estrogen receptor (ER) and progesterone receptor (PR) expression, and overall survival (OS). Race and marital status were simplified to three (white, black, or other) and two (single or married) categories, respectively. Extent of breast operation was classified into three categories including mastectomy, lumpectomy and no operation, according to the site specific surgery (1973-1997) and Rx summ--Surg Prim Site (after 1998) code. An extent of regional LN dissection was not specified in most cases in the database. Thus, we regarded the patients who underwent extended mastectomy, modified radical mastectomy, or dissection of four or more regional LNs as having taken ALND according to the previous study of Walker et al. \[[@b2-crt-2017-189]\] which also used SEER database from 1983 to 2006. Variables included in subsequent analysis were outlined in [Table 1](#t1-crt-2017-189){ref-type="table"}.

3. Propensity score matching with multiple imputation
-----------------------------------------------------

Because RT was not randomly assigned in our dataset, multivariate model using Cox regression analysis alone may not fully adjust many confounding factors and possible selection bias. To evaluate the impact of RT more accurately, we first compared the distribution of clinicopathologic factors between RT group and non-RT group; t test for continuous variables and chi-square test for categorical variables were used. After verifying an imbalance of prognosticators between two groups, we conducted a propensity score matching. However, there were too many missing values in the expression status of hormone receptor to match patients each other. Therefore, multiple imputation methods as in the study of Sagara et al. \[[@b10-crt-2017-189]\] were applied by MICE package in R with the following variables: age at diagnosis (as continuous variable), race, marital status, number of examined LNs, number of metastatic LNs and extent of operation. The imputation was repeated to obtain five copies of the filledin data set to stabilize the results.

After imputing missing values, propensity score for RT receipt was calculated for each patient using multivariate logistic regression, considering all of the imbalanced factors between RT and non-RT group: age at diagnosis (as continuous variable), marital status, ALND, number of examined LNs, and number of metastatic LNs. Based on the results, we performed propensity score matching with a 1:1 nearestneighbor method. Distribution of propensity scores was depicted in [S1 Fig](#SD1-crt-2017-189){ref-type="supplementary-material"}.

4. Endpoint and statistical analysis
------------------------------------

OS was defined as the duration from the date of diagnosis to the date of last follow-up or death from any cause. For survival analysis, Kaplan-Meier method was used to estimate survival curve and log-rank test was performed for the comparison of survival between the nominal variables. Cut-off values for the number of examined or metastatic LNs were determined by maximal chi-square test. All variables that were significant in univariate analysis were put into multivariate analysis. Multivariate analysis was carried through Cox proportional hazard regression. Factors with p \> 0.10 were eliminated from the stepwise model. All statistical analyses were conducted using R software ver. 3.2.4 (<http://cran.r-project.org>). p-value of less than 0.05 was considered statistically significant.

Results
=======

1. Patient characteristics and treatment patterns
-------------------------------------------------

A total of 1,045 patients were included in the final analysis. Patient demographics were presented in [Table 1](#t1-crt-2017-189){ref-type="table"}. The median age was 59 years (interquartile range \[IQR\], 51 to 69). Mastectomy was carried out in 411 patients (39.3%) and ALND in 805 patients (77.0%). RT was delivered to nearly half of the patients (49.6%). The median number of examined and metastatic LNs were 13 (IQR, 6 to 20) and 2 (range, 1 to 6), respectively. In terms of locoregional treatment, various combinations of surgical extent and RT were observed ([S2 Table](#SD2-crt-2017-189){ref-type="supplementary-material"}). Around 23% of patients underwent breast operation with ALND followed by RT (171 patients with mastectomy+ ALND+RT, 69 patients with BCS+ALND+RT). In contrast, 76 patients (7.3%) did not receive any treatment including breast operation or RT, but underwent only axillary LN sampling (ALNS) or excision for less than four LNs.

2. Survival analysis in whole SEER cohort
-----------------------------------------

The median follow-up duration was 56 months (IQR, 24 to 100). During follow-up period, 257 deaths (24.6%) from any cause occurred and 5-year OS was 79.1%. Results of survival analyses were summarized in [Table 2](#t2-crt-2017-189){ref-type="table"}. Univariate analysis revealed that age more than 70 years (p \< 0.001), single marital status (p \< 0.001), absence of hormone receptor expression (ER, p=0.025; PR, p=0.049), not performing ALND (p \< 0.001) or not doing RT (p=0.001), number of examined LNs less than three (p \< 0.001), and metastatic LNs more than seven (p \< 0.001) were poor prognosticators for OS. Survival difference according to the surgical extent of breast was not observed (p=0.123) ([Table 2](#t2-crt-2017-189){ref-type="table"}).

Multivariate analysis was performed including abovementioned factors. After adjustment of confounding factors, age more than 70 years (hazard ratio \[HR\], 2.71; p \< 0.001), performing ALND (HR, 0.42; p=0.003) or doing RT (HR, 0.53; p=0.010), and metastasis to more than seven LNs (HR, 2.81; p \< 0.001) were independently significant prognostic variables. The OS curves according to the significant prognosticators were demonstrated in [S3 Fig](#SD3-crt-2017-189){ref-type="supplementary-material"}.

3. Survival analysis in propensity score matched cohort
-------------------------------------------------------

We compared patient characteristics according to the receipt of RT ([S4 Table](#SD4-crt-2017-189){ref-type="supplementary-material"}). Prior to matching, young patients (p=0.033), patients with married marital status (p \< 0.001), patient treated with ALND (p \< 0.001), patients with more examined LNs (p \< 0.001) and patients with more metastatic LNs (p \< 0.001) were more likely to receive RT. The observed imbalances between two groups were corrected through propensity score matching, as a result, none of the variables was significantly different between two groups as presented in [S4 Table](#SD4-crt-2017-189){ref-type="supplementary-material"}.

In the matched cohort, univariate analysis demonstrated similar prognostic factors compared with results of unmatched cohort: age, marital status, ALND, RT, and number of metastatic LNs. The status of hormone receptor (ER or PR) and operation extent of breast did not affect OS. Survival curves according to the treatment modality were shown in [Fig. 1](#f1-crt-2017-189){ref-type="fig"}. Following multivariate analysis also showed that patients treated with RT survived significantly longer than those without RT (5-year OS, 81.5% vs. 78.3%; p=0.014). Additionally, impacts of age (p \< 0.001), marital status (p=0.047), ALND (p \< 0.001), and number of metastatic LNs (p \< 0.001) on OS were maintained. Results of survival analysis in propensity matched cohort were summarized in [Table 3](#t3-crt-2017-189){ref-type="table"}.

4. Exploratory subgroup analysis assessing the benefit of RT according to the characteristics
---------------------------------------------------------------------------------------------

To identify a specific subgroup which could benefit from RT, we conducted exploratory subgroup analysis in propensity score matched cohort. Overall, [Fig. 2](#f2-crt-2017-189){ref-type="fig"} plotted HR and 95% confidence interval comparing OS according to the receipt of RT for each patient characteristic. Patients responded differently to RT depending upon several factors. A significantly prolonged OS was observed when RT was given to patients single marital status (5-year OS, 81.0% vs. 69.5%; p=0.001), patients treated with mastectomy (5-year OS, 84.9% vs. 77.4%; p=0.033) ([Fig. 3A](#f3-crt-2017-189){ref-type="fig"}), patients treated with ALND (5-year OS, 83.3% vs. 78.8%; p=0.036) ([Fig. 3B](#f3-crt-2017-189){ref-type="fig"}) or patients with more than seven metastatic LNs (5-year OS, 70.7% vs. 59.7%; p=0.016). A trend toward improved OS by adding RT was also detected in patients without expression of hormone receptor (ER, 5-year OS, 79.7% vs. 75.2%; p=0.070 and PR, 5-year OS, 80.7% vs. 76.9%; p=0.053).

Discussion
==========

The main purpose of this population-based retrospective study was to evaluate the clinicopathologic factors affecting OS as well as the impact of RT under different surgical conditions for OBC. Although ALND followed by breast RT is accepted as one of the preferred strategy after many comparisons with mastectomy have been made, the impact of RT after ALND or mastectomy compared with each surgical treatment alone has not been exactly evaluated in previous literatures \[[@b5-crt-2017-189]-[@b7-crt-2017-189]\]. It is hard to conduct a randomized trial because of the rarity, therefore we used retrospective matching analysis using large database. To the best of knowledge, present updated SEER analysis represents the largest cohort to date in which survival outcome for OBC was analyzed. Significant improvements in survival in the RT group compared with the non-RT group were generally observed, also specifically in patients with single marital status, receiving mastectomy, receiving ALND, and number of metastatic LNs more than 7.

Treatment patterns varied over the years. Although mastectomy did not improve OS compared with breast-conserving therapy (BCT), there were quite a large proportion of patients treated with mastectomy. Previous survey for the members of the American Society of Breast Surgeons demonstrated that mastectomy with ALND preferred in 43%, whereas ALND with whole breast RT in 37% \[[@b9-crt-2017-189]\]. A previous study for OBC using the SEER data (1983-2006) demonstrated that number of patients who received BCT increased from 29.8% before 1998 to 36.2% after 1998, whereas number of patients who received mastectomy decreased from 50.2% to 42% during the same period, which still held a significant portion \[[@b2-crt-2017-189]\]. Although BCT is replacing mastectomy with the advent of diagnostic imaging, mastectomy still have been performed in many patients due to physician's preference or clinical factors, but the role of RT in these patients was also not separately discussed in previous studies \[[@b11-crt-2017-189],[@b12-crt-2017-189]\]. Our analysis revealed that RT after mastectomy was an effective adjuvant treatment to reduce mortality, as with survival benefit by adding RT in other node positive breast cancers \[[@b13-crt-2017-189]-[@b15-crt-2017-189]\]. This survival benefit might derive from the comprehensive nodal irradiation, although the detailed RT field is unavailable from the SEER database. Also, the NCCN guidelines do not mention this in detail. Therefore, physicians should discuss with radiation oncologists to determine whether postmastectomy RT is appropriate or not, even if subsequent validation studies will be required

The standard recommendations in terms of RT field and dose are not well defined in this rare disease. By reviewing the contemporary studies using RT, [Table 4](#t4-crt-2017-189){ref-type="table"} shows that most of RT field includes ipsilateral breast in case of BCS, whereas there is not much information about chest wall irradiation after mastectomy. Among them, Barton et al. \[[@b16-crt-2017-189]\] recommended the incorporation of ipsilateral breast RT due to the higher 5-year local recurrence-free survival (84% vs. 34%, p \< 0.001) and relapse-free survival (64% vs. 34%, p=0.05). The extent or frequency of regional nodal irradiation is also varied for each study, so it is difficult to summarize the conclusions. However, more than 70% of patients received some kinds of regional nodal irradiation, mainly including supraclavicular fossa. In terms of RT dose, a total dose of 40 to 60 Gy has been applied variously according to the surgical extents and residual disease. A previous study showed that no difference in the 5-year local recurrence-free survival (80% vs. 90%, p=0.3) was found between patients who received 50 Gy versus more than 60 Gy \[[@b16-crt-2017-189]\]. The present study could not address these aspects because information about the exact delivery site of RT (whole breast irradiation, localized axillary RT, or regional nodal irradiation) and RT dose was not included in SEER data. Further specific guidelines will be needed.

The benefit of adding RT is not limited just after mastectomy. Previous studies have rather recommended incorporation of breast RT with ALND. Historically, locoregional recurrence was too high (around 50%) in patients who did not receive breast treatment after ALND \[[@b17-crt-2017-189]-[@b19-crt-2017-189]\]. Shannon et al. \[[@b17-crt-2017-189]\] reported that 69% of patients without breast RT underwent locoregional recurrence; however, this figure decreased to 12.5% in those receiving breast RT (p=0.02). Vlastos et al. \[[@b12-crt-2017-189]\] also reported that patients who were observed without breast treatment showed 50% OS, whereas those who received breast RT after axillary surgery showed 83% OS. Therefore, "blind" treatment to the ipsilateral breast seemed to be important. Our results showed that application of RT has a positive effect on OS rate in both unmatched and matched cohort. Especially, patients treated with ALND also derived OS benefit from RT in subgroup analysis. A recent meta-analysis including seven previous studies demonstrated that ALND plus RT was superior to ALND alone regarding locoregional recurrence (12.7% vs. 34.3%, p \< 0.01) and there was a trend toward improved mortality rates (9.5% vs. 31.4%, p=0.09) \[[@b20-crt-2017-189]\]. In addition, MD Anderson Cancer Center reported that there were no local or regional failures in 36 OBC patients dealt with contemporary imaging and multimodal BCT \[[@b7-crt-2017-189]\]. These data supported our findings by indicating that breast RT after axillary treatment only is mandatory and ALND combined with RT also appears as an attractive option to avoid mastectomy and its complications. Therefore, mastectomy could be safely omitted in the setting where a patient is willing to undergo breast RT after ALND.

One of the interesting points of our results was that the extent of breast operation (mastectomy/lumpectomy/not done) did not affect OS significantly. Instead, ALND was an important prognostic factor. Previous studies also reported similar findings. The 5-year OS of BCS, mastectomy, and no operation groups was 72.0%, 74.0%, and 87.5%, respectively, with no significant differences observed between them (p=0.49) in the study by Woo et al. \[[@b21-crt-2017-189]\]. He et al. \[[@b5-crt-2017-189]\] also demonstrated that there were no differences in survival rates between mastectomy, BCS, and no breast operation. This may be due to the nature of OBC that an axillary clearance rather than breast operation could further reduce overall tumor burden. However, this does not mean that the breast operation is not important. In our results, a significantly prolonged OS was observed when RT was given to patients treated with mastectomy or ALND, not patients with lumpectomy or ALNS ([Fig. 2](#f2-crt-2017-189){ref-type="fig"}). It is possible that there was a survival benefit of RT in the situations of more radical surgery. Also, as with the previous literatures mentioned above, the "blind" breast RT after BCS is effective for local control, but this may not be translated into OS differences \[[@b5-crt-2017-189],[@b16-crt-2017-189]\]. More precise data are needed to clarify the impact of breast operation or blind breast RT on OS.

Regardless of the surgical approach, one of the most important prognostic factors was the number of positive nodes. Five-year OS was 85.6% with 1-7 positive nodes, whereas only 70.2% with eight or more positive nodes. This tendency was maintained regardless of propensity score matching. Walker et al. \[[@b2-crt-2017-189]\] reported that more than 10 positive LNs were correlated with an unfavorable OS (HR, 2.04; p=0.005). He et al. \[[@b5-crt-2017-189]\] also showed that patients with four or more involved LNs had significantly worse outcomes (HR, 4.63; p=0.042 for survival and HR, 3.62; p=0.038 for recurrence). Recent multicenter study from Korea demonstrated that patients who had N1 disease showed a fairly good 10‐year OS of 96.8% compared with 82.6% in N2 and 80.8% in N3 disease (p=0.004) \[[@b6-crt-2017-189]\]. Therefore, adequate ALND should be performed to identify accurate LN status and also reduce the chance of occult nodal metastases. Additionally, age over 70 years at diagnosis was found to be a poor prognosticator in multivariate analysis. Similar results have been reported in the previous SEER data (RR, 1.06 with age as a continuous variable; p \< 0.001) \[[@b2-crt-2017-189]\]. It seems a little bit contradictory considering the poor prognostic impact of young age in common breast cancer. Because the endpoint of our study was OS but not breast cancer-specific survival, it is not surprising that inferior survival outcomes were observed in the elderly patients. However, unknown factors such as systemic treatment, intrinsic molecular subtype or histologic grade might have induced the above results. In other literatures on OBC, no significant difference was reported according to the age-related parameters.

One of the major limitations of this study is an absence of information on systemic chemotherapy and endocrine therapy due to the limitation of SEER data, thus could not be included in the analysis. The lack of these important factors could make potential bias because of heterogeneous systemic treatments during a relatively long period with improvements in outcome over the recent period, although one previous review for the managements of OBC reported that most patients in United States (93%) had received chemotherapy \[[@b8-crt-2017-189]\]. Current NCCN guidelines recommend that systemic chemotherapy/endocrine therapy be given according to the stage II or III disease as well as neoadjuvant therapy also be considered for N2-3 disease \[[@b3-crt-2017-189]\]. In addition, the effects of chemotherapy have not been reported to be particularly different in this orphan disease in relation to common breast cancer. These observations emphasize the need for additional large sample studies to better understand prognostic impacts of systemic chemotherapy/endocrine therapy for this rare disease. There are another several limitations to this study. Retrospective nature is an unavoidable weakness although we tried to obtain unbiased comparison by using propensity score matching. However, propensity score matching itself could not solve the problem of hidden bias caused by unexamined factors, and there were lots of missing values which were dealt with imputation methods. Last but not least, failure patterns could not be analyzed. It is important to point out that locoregional recurrence is not captured in SEER data, being limited to survival outcomes.

Based on our results, RT may offer survival benefit in OBC even after mastectomy or ALND, especially in patients with more metastatic LNs. Combined ALND and RT irrespective of breast operation may appear as the best treatment approach in these patients favoring minimal invasive procedure. Age and number of metastatic LNs were also significant prognosticators. Individualized locoregional treatment strategies based on certain risk factors needs to be further investigated. Prospective studies with a sufficient sample size are needed to validate these findings.
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![Kaplan-Meier curve of overall survival in propensity score matched cohort according to the axillary lymph node dissection (ALND) (A), radiotherapy (RT) (B), and type of breast operation (C). ALNS, axillary lymph node sampling.](crt-2017-189f1){#f1-crt-2017-189}

![Hazard ratio and 95% confidence interval for overall survival according to the receipt of radiotherapy (RT) in the subgroup of patients for each characteristic. ER, estrogen receptor; PR, progesterone receptor; LN, lymph node; ALNS, axillary lymph node sampling; ALND, axillary lymph node dissection.](crt-2017-189f2){#f2-crt-2017-189}

![Kaplan-Meier curve of overall survival in propensity score matched cohort according to the receipt of radiotherapy (RT) in the subgroup of patients treated with mastectomy (A) and axillary lymph node dissection (ALND) (B).](crt-2017-189f3){#f3-crt-2017-189}

###### 

Patient and tumor characteristics

  Characteristic                     No. of patients (%) (n=1,045)
  ---------------------------------- -------------------------------
  **Age at diagnosis (yr)**          
   Median (IQR)                      59 (51-69)
   \< 40                             54 (5.2)
   40-69                             751 (71.9)
   ≥ 70                              240 (23.0)
  **Race**                           
   White                             830 (79.4)
   Black                             133 (12.7)
   Others                            78 (7.5)
   Unknown                           4 (0.4)
  **Marital status**                 
   Single                            408 (39.0)
   Married                           607 (58.1)
   Unknown                           30 (2.9)
  **Year of diagnosis**              
   1988-1997                         85 (8.1)
   1998-2003                         169 (16.2)
   2004-2008                         376 (36.0)
   2009-2013                         415 (39.7)
  **Grade**                          
   1                                 10 (0.1)
   2                                 54 (5.2)
   3                                 235 (22.5)
   Undifferentiated                  21 (2.0)
   Unknown                           725 (69.4)
  **Laterality**                     
   Right                             475 (45.5)
   Left                              518 (49.6)
   Bilateral                         3 (0.3)
   Unknown                           49 (4.7)
  **Estrogen receptor status**       
   Negative                          300 (28.7)
   Positive                          406 (38.9)
   Unknown                           339 (32.4)
  **Progesterone receptor status**   
   Negative                          410 (39.2)
   Positive                          283 (27.1)
   Unknown                           352 (33.7)
  **Breast operation**               
   Mastectomy                        411 (39.3)
   Lumpectomy                        140 (13.4)
   Not done                          477 (45.7)
   Unknown                           17 (1.6)
  **Axilla LN operation**            
   ALND                              805 (77.0)
   ALNS (≤ 3)                        237 (22.7)
   Unknown                           3 (0.3)
  **Extent of operation**            
   Mastectomy+ALND                   318 (30.4)
   Mastectomy alone                  92 (8.8)
   Lumpectomy+ALND                   114 (10.9)
   Lumpectomy alone                  26 (2.5)
   ALND alone                        358 (34.2)
   ALNS alone                        117 (11.2)
   Unknown                           20 (1.9)
  **Radiotherapy**                   
   Not done                          479 (45.8)
   Done                              518 (49.6)
   Unknown                           48 (4.6)
  **No. of examined LNs**            
   Median (IQR)                      13 (6-20)
  **No. of metastatic LNs**          
   Median (IQR)                      2 (1-6)

IQR, interquartile range; LN, lymph node; ALND, axillary lymph node dissection; ALNS, axillary lymph node sampling.

###### 

Univariate and multivariate analyses for OS in the study population

  Characteristic              5-Year OS (%)   Univariate analysis^[a)](#tfn1-crt-2017-189){ref-type="table-fn"}^   Multivariate analysis^[b)](#tfn2-crt-2017-189){ref-type="table-fn"}^   HR (95% CI)
  --------------------------- --------------- -------------------------------------------------------------------- ---------------------------------------------------------------------- ------------------
  **Age at diagnosis (yr)**                                                                                                                                                               
   \< 70                      83.5            \< 0.001                                                             \< 0.001                                                               1
   ≥ 70                       63.0                                                                                                                                                        2.71 (1.67-4.39)
  **Marital status**                                                                                                                                                                      
   Single                     73.8            \< 0.001                                                             \-                                                                     \-
   Married                    83.3                                                                                                                                                        \-
  **Grade**                                                                                                                                                                               
   1                          88.9            0.900                                                                \-                                                                     \-
   2                          83.5                                                                                                                                                        \-
   3                          77.3                                                                                                                                                        \-
   Undifferentiated           79.8                                                                                                                                                        \-
  **ER expression**                                                                                                                                                                       
   Negative                   76.9            0.025                                                                0.064                                                                  1
   Positive                   83.1                                                                                                                                                        0.65 (0.42-1.02)
  **PR expression**                                                                                                                                                                       
   Negative                   77.5            0.049                                                                \-                                                                     \-
   Positive                   84.1                                                                                                                                                        \-
  **Breast operation**                                                                                                                                                                    
   Mastectomy                 74.6            0.123                                                                \-                                                                     \-
   Lumpectomy                 80.3                                                                                                                                                        \-
   Not done                   79.1                                                                                                                                                        \-
  **Axilla LN operation**                                                                                                                                                                 
   ALNS (≤ 3)                 68.9            \< 0.001                                                             0.003                                                                  1
   ALND                       81.7                                                                                                                                                        0.42 (0.24-0.74)
  **Radiotherapy**                                                                                                                                                                        
   Not done                   74.8            0.001                                                                0.01                                                                   1
   Done                       82.1                                                                                                                                                        0.53 (0.33-0.86)
  **No. of examined LNs**                                                                                                                                                                 
   \< 3                       72.8            \< 0.001                                                             \-                                                                     \-
   ≥ 3                        84.1                                                                                                                                                        \-
  **No. of metastatic LNs**                                                                                                                                                               
   ≤ 7                        85.6            \< 0.001                                                             \< 0.001                                                               1
   \> 7                       70.2                                                                                                                                                        2.81 (1.65-4.80)

OS, overall survival; HR, hazard ratio; CI, confidence interval; ER, estrogen receptor; PR, progesterone receptor; LN, lymph node; ALNS, axillary lymph node sampling; ALND, axillary lymph node dissection.

p-value by log-rank test,

p-value by Cox proportional hazard model with backward stepwise regression.

###### 

Univariate and multivariate analyses for OS in propensity score matched cohort

  Characteristic              5-Year OS (%)   Univariate analysis^[a)](#tfn3-crt-2017-189){ref-type="table-fn"}^   Multivariate analysis^[b)](#tfn4-crt-2017-189){ref-type="table-fn"}^   HR (95% CI)
  --------------------------- --------------- -------------------------------------------------------------------- ---------------------------------------------------------------------- ------------------
  **Age at diagnosis (yr)**                                                                                                                                                               
   \< 70                      84.0            \< 0.001                                                             \< 0.001                                                               1
   ≥ 70                       64.1                                                                                                                                                        2.81 (1.95-4.03)
  **Marital status**                                                                                                                                                                      
   Single                     75.1            \< 0.001                                                             0.047                                                                  1
   Married                    83.7                                                                                                                                                        0.70 (0.50-0.10)
  **Grade**                                                                                                                                                                               
   1                          100             0.945                                                                \-                                                                     \-
   2                          81.3                                                                                                                                                        \-
   3                          77.2                                                                                                                                                        \-
   Undifferentiated           79.6                                                                                                                                                        \-
  **ER expression**                                                                                                                                                                       
   Negative                   77.6            0.295                                                                \-                                                                     \-
   Positive                   81.6                                                                                                                                                        \-
  **PR expression**                                                                                                                                                                       
   Negative                   78.9            0.778                                                                \-                                                                     \-
   Positive                   81.4                                                                                                                                                        \-
  **Breast operation**                                                                                                                                                                    
   Mastectomy                 75.4            0.136                                                                \-                                                                     \-
   Lumpectomy                 80.2                                                                                                                                                        \-
   Not done                   81.3                                                                                                                                                        \-
  **Axilla LN operation**                                                                                                                                                                 
   ALNS (≤ 3)                 74.3            0.011                                                                \< 0.001                                                               1
   ALND                       81.1                                                                                                                                                        0.44 (0.28-0.68)
  **Radiotherapy**                                                                                                                                                                        
   Not done                   78.3            0.049                                                                0.014                                                                  1
   Done                       81.5                                                                                                                                                        0.65 (0.46-0.92)
  **No. of examined LNs**                                                                                                                                                                 
   \< 3                       78.6            0.057                                                                \-                                                                     \-
   ≥ 3                        82.8                                                                                                                                                        \-
  **No. of metastatic LNs**                                                                                                                                                               
   ≤ 7                        86.5            \< 0.001                                                             \< 0.001                                                               1
   \> 7                       66.2                                                                                                                                                        3.09 (2.10-4.53)

OS, overall survival; HR, hazard ratio; CI, confidence interval; ER, estrogen receptor; PR, progesterone receptor; LN, lymph node; ALNS, axillary lymph node sampling; ALND, axillary lymph node dissection.

p-value by log-rank test,

p-value by Cox proportional hazard model with backward stepwise regression.

###### 

Summary of contemporary studies using radiotherapy for occult breast cancer

  Author (yr)                                     Institution (country)          Study period     No. of patients           Breast/Axilla treatments   RT use, n (%)   RT field, n (%)              RT dose                                      LRFS (5 yr, %)   CSS (5 yr, %)                                            Median FU (mo)
  ----------------------------------------------- ------------------------------ ---------------- ------------------------- -------------------------- --------------- ---------------------------- -------------------------------------------- ---------------- -------------------------------------------------------- -----------------
  Masinghe et al. (2011) \[[@b4-crt-2017-189]\]   Edinburgh Cancer Centre (UK)   1974-2003        53                        ALND: 25 (47%)             43 (81)         Breast/axilla/SCF: 25 (58)   45 Gy/20 fx+boost to the axilla 15 Gy/5 fx   RT: 72           RT: 73                                                   108 (surviving)
  ALNS: 28 (53%)                                  Breast/SCF: 4 (9)              No-RT: 46        No-RT: 58 (p=0.007)                                                                                                                                                                                                      
  Breast only: 12 (28)                                                                                                                                                                                                                                                                                                     
  Axilla/SCF: 2 (5)                                                                                                                                                                                                                                                                                                        
  He et al. (2012) \[[@b5-crt-2017-189]\]         Fudan University (China)       1998-2010        95                        \(1\) Mast+ALND: 64        47 (50)         Unknown                      Unknown                                      \(1\) 90         \(1\) 85                                                 38
  \(2\) ALND (+IBR): 13                           \(2\) 89                       \(2\) 81                                                                                                                                                                                                                                  
  \(3\) ALND: 18                                  \(3\) 70                       \(3\) 71                                                                                                                                                                                                                                  
  Sohn et al. (2014) \[[@b6-crt-2017-189]\]       Multicenter (Korea)            1990-2009        142                       \(1\) Mast+ALND: 54        85 (60)         Unknown                      Unknown                                      Unknown          \(1\) 9^[a)](#tfn5-crt-2017-189){ref-type="table-fn"}^   78
  \(2\) BCS+ALND: 56                              \(2\) 93                                                                                                                                                                                                                                                                 
  \(3\) ALND: 32                                  \(3\) 81                                                                                                                                                                                                                                                                 
  Rueth et al. (2015) \[[@b7-crt-2017-189]\]      MDACC (US)                     2000-2011        36                        Mast: 9                    33 (92)         Breast/chestwall: 33 (100)   50 Gy                                        100              100                                                      64
  BCS: 27                                         SCF: 28 (85)                                                                                                                                                                                                                                                             
  ALND: 33                                                                                                                                                                                                                                                                                                                 
  Barton et al. (2011) \[[@b16-crt-2017-189]\]    Royal Marsden Hospital (UK)    1975-2009        48                        ALND: 39                   35 (73)         Breast: 35 (100)             60 Gy/30 fx: 12                              IBR: 87          IBR: 84                                                  68
  ALNS: 9                                         SCF: 27 (77)                   50 Gy/25 fx or   No-IBR: 34 (p \< 0.001)   No-IBR: 85 (p=0.2)                                                                                                                                                                             
  Axilla: 5 (14)                                  40 Gy/15 fx: 19                                                                                                                                                                                                                                                          
  Unknown: 4                                                                                                                                                                                                                                                                                                               
  Woo et al. (2013) \[[@b21-crt-2017-189]\]       Asan Medical Center (Korea)    1992-2010        40                        \(1\) Mast+ALND: 12        28 (70)         Breast: 25 (89)              Unknown                                      Unknown          \(1\) 74                                                 72
  \(2\) BCS+ALND: 17                              SCF/axilla: 22 (79)            \(2\) 72                                                                                                                                                                                                                                  
  \(3\) ALND±RT: 11                               \(3\) 88                                                                                                                                                                                                                                                                 

RT, radiotherapy; LRFS, local recurrence-free survival; CSS, cancer-specific survival; FU, follow-up; ALND, axillary lymph node dissection; ALNS, axillary lymph node sampling; SCF, supraclavicular fossa; Mast, mastectomy; IBR, ipsilateral breast radiotherapy; BCS, breast-conserving surgery; MDACC, MD Anderson Cancer Center.

10-Year CSS.
